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INTRODUCTION

Autoimmune lymphoproliferative syndrome (ALPS) is a rare disease occurring especially in early
childhood, which is defined by the triad of chronic non-malignant enlargement of lymph nodes and
spleen; increased number of double negative T cells (DNTs) that express the a/B T cell receptors but
lack both the CD4 and CD8 surface molecules (a/B" DNTs); and impaired lymphocyte apoptosis in
vitro ", Individuals with ALPS frequently suffer autoimmune complications, primarily hemolytic
anemia and thrombocytopenia. They also have an elevated incidence of Hodgkin’s and non-Hodgkin’s
lymphoma 7. The etiology of ALPS has been attributed to dysregulation of lymphocyte homeostasis
due to a primary defect in Fas-induced apoptosis ">,

Historical background

The disease is also described as Canale-Smith syndrome, since Canale and Smith reported five
cases with lymphadenopathy, splenomegaly, and autoimmune cytopenias in 1967 . In 1992, inves-
tigation of two similar patients with progressive lymphoproliferative disease and autoimmunity by
Sneller et al.” revealed an increase in a normally rare population of a/B" DNTs, and they proposed
that these patients may exhibit the human equivalent of a murine disease caused by the lpr (lym-
phoproliferation phenotype) and gld (generalized lymphoproliferative disease phenotype) mutations.
In the same year, it was demonstrated that Ipr mice lacked cell surface expression of Fas, a recep-
tor which causes apoptosis of activated lymphocytes . In 1995, Rieux-Laucat et al. ' and Fisher et
al. ® documented that this novel disorder was associated with inherited mutations in the Fas gene.
Recently, several patients with a clinical syndrome of ALPS have been found to have a normal Fas
gene, and further investigations revealed new mutations in other intermediates in the Fas signalling
pathway, such as Fas ligand (FasL) gene mutation and caspase 8 or 10 gene mutations *'%.

Lymphocyte apoptosis

ALPS is the first human disease in which the etiology has been attributed to a primary defect in ap-
optosis. Apoptosis is a genetically determined program of cell death responsible for the control of cell
number and elimination of senescent or unwanted cells without causing inflammation "". In mature
T lymphocytes, apoptosis occurs by two major pathways: an extrinsic (active) mechanism mediated by
membrane receptors of the tumor necrosis factor receptor superfamily (TNFRSF) and their ligands be-
longing to the tumor necrosis factor superfamily (TNFSF), and an intrinsic (passive) cell death follow-
ing cytokine withdrawal after antigenic clearance, mediated by Bcl-2 family proteins "?. Furthermore,
perforin, which forms channel-like structures in the target cell membrane, and granzymes, which
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Table 1. Criteria for the diagnosis of autoimmune lymphoproliferative syndrome

Required features

Chronic non-malignant lymphadenopathy, splenomegaly, or both
Increase (=1%) in circulating T cells that are CD4'CD8" and express the a/B* T cell

lymphoid tissue

receptor (a/B* DNTs) and/or presence of DNTS in

Demonstration of defective antigen-induced lymphocyte apoptosis on in vitro culture

Supporting features

Family history of autoimmune lymphoproliferative syndrome

Typical findings on histopathologic analysis of lymph node or splenic tissue

Autoimmune disease

Mutations of genes encoding Fas or related apoptosis signalling proteins

penetrate into the target cell through the per-
forin channels and directly activate the caspase
cascade, induce apoptosis in cytotoxic cells "%,

The TNFRSF comprises more than 20 mem-
bers, such as Fas, DR3, DR4, DRS5, DR6, TNFR1,
and TNFR2, and these receptors are the best
known death receptors "’ Fas (also termed
TNFRSF6, CD95, Apo-1) is the best studied mem-
ber of the TNFRSF, containing one death domain
and three cysteine-rich domains. Fas forms ho-
motrimers on the cell membrane upon ligation by
its ligand (FasL). FasLis a trimeric type-II surface
protein belonging to the TNFSF and is released
in soluble form upon metalloproteinase-medi-
ated cleavage. Fas triggering induces formation
of a trimolecular complex named death-inducing
signalling complex in the cell and this complex
triggers the autocatalytic cleavage of procaspase
8 or 10 and release of active caspase 8 or 10.
Active caspase 8 or 10 cleaves several cytosol-
ic proteins including procaspase 3 and 7 and
drives the cell death program "*'®. Activation
of caspase 8 may also trigger the intrinsic path-
way by cleaving the cytosolic Bid, a proapoptotic
molecule belonging to the Bcl-2 family and re-
leasing a fragment (tBid) that translocates to mi-
tochondria and activates the intrinsic pathway.
Also, Fas triggering seems to activate an acidic
sphingomyelinase and produce ceramide, which
alters mitochondria. Therefore, cleavage of Bid
and production of ceramide bridge the extrinsic
and intrinsic pathways of cell death and serve
as a positive loop by amplifying activation of the
effector caspases "*'?%,

Fas is expressed on the surface of activated
T and B lymphocytes and Fas/FasL induced
apoptosis is important for eliminating autoreac-
tive immature T cells during ontogenesis and for
maintaining peripheral lymphocyte homeosta-
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sis ", Resting T lymphocytes express low levels
of Fas and high levels of Bcl-2 and c-FLIP, and
are a negative regulator of Fas signalling. After
an antigenic stimulus, expression of Fas at high
levels, induction of the FasL gene, and concomi-
tant downregulation of Bcl-2 and c-FLIP levels
occur. In early phases of lymphocyte activation,
apoptosis does not occur until ligation of Fas
by FasL presents on the cell surface and Bcl-2
and c-FLIP levels are downregulated. High inter-
leukin (IL)-2 levels control the down-modulation
of c-FLIP expression. In this way, activated lym-
phocytes are killed, the immune response can be
controlled, and the expanded lymphocytes are
partly eliminated. Alternatively, if the activated
T lymphocytes are not re-stimulated, IL-2 levels
decrease and the cells die by intrinsic apoptotic
mechanism ">, Although Fas appears to be the
principal death receptor involved in T cell apopto-
sis, other death receptors such as TNFR1, DR3,
TNF-related apoptosis-inducing ligand (Trail)-R1,
and Trail-R2 contribute proapoptotic signals and
play a role in lymphocyte apoptosis "*.

Diagnostic criteria

Diagnostic criteria used by the National
Institutes of Health (NIH) ALPS Group are pre-
sented in Table 1 ™*'. Diagnostic work-up in-
cludes evaluation of proband and family mem-
bers through clinical and laboratory testing for
required features of ALPS, which consists of im-
munophenotyping of peripheral blood for enu-
meration of DNTs and in vitro apoptosis assay
as well as detailed molecular genetic analysis for
mutations detected previously in ALPS patients.
The identification of an increase in DNTs on fluo-
rescent activated cell sorting is a useful screen-
ing tool if combined with appropriate clinical
features.
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Table 2. Clinical features in 79 patients with autoimmune lymphoproliferative syndrome [modified from Sneller et al. 2003 oy

Sex

Female
Male
Median age at presentation (range)
Manifestation

Lymphoproliferative disease
Splenomegaly
Lymphadenopathy
Hepatomegaly
Lymphoma

Autoantibodies
Anticardiolipin antibody
Positive direct Coombs test
Antinuclear antibody
Rheumatoid factor
Anti-Factor VIl

Autoimmune disease
Hemolytic anemia
Idiopathic thrombocytopenic purpura
Neutropenia
Glomerulonephritis
Optic neuritis or uveitis
Guillain-Barré Ssyndrome
Primary biliary cirrhosis
Coagulopathy/Factor VIl inhibitor

43
36
2y (birth-15y)
Patients, n (%)
79 (100)
75 (95)
76 (96)
57 (72)

Data compiled from probands and relatives with autoimmune lymphoproliferative syndrome (47 discrete families).

Clinical and laboratory features

The median age at presentation in the NIH
cohort is 24 months, raging from birth to 15
years, with a mild male dominance "”. A more
frequent diagnosis of adult patients with autoim-
mune complications has been observed recently
2 Prominent non-malignant lymphadenopathy
in ALPS arises typically in early childhood and
is often accompanied by splenomegaly (in some
cases with hepatomegaly) and autoimmune cy-
topenias of one or more lineages *"**?°. Several
non-hematological autoimmune diseases have
also been reported in association with ALPS,
including glomerulonephritis, uveitis, Guillain-
Barré syndrome, autoimmune liver disease, urti-
caria, panniculitis, and arthritis "**". The range
of clinical features of ALPS is shown in Table 2
1% The clinical features of ALPS appear to differ
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based on the several different molecular abnor-
malities and other genetic events which have not
been determined yet.

Lymphoproliferation is often the most salient
manifestation in ALPS patients. The degree of
lymphadenopathy is variable. It ranges from the
upper limits of normal for age, to massive ana-
tomically distorting swellings. Lymphadenopathy
most often involves the anterior and posterior
cervical axillary chains. On examination, the
lymph nodes are usually firm, nontender, mobile,
and nonsuppurative. Enlargement of abdominal
and thoracic lymph nodes is also often found
by ultrasound and computerized tomography
P17 The lymphoid hyperplasia is chronic and
consistent and reductions may be seen in asso-
ciation with infections. It is not usually associ-
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Table 3. Genotype-based autoimmune lymphoproliferative syndrome classification adopted by the National Institutes of Health Autoimmune

Lymphoproliferative Syndrome Group

Classification Abnormality

Type la Mutation on TNFRSF6 (Fas) gene
Type Ib Mutation on TNFSF6 (FasL) gene
Type I Mutation on caspase 8 or 10 genes
Type lll No known mutation

ated with systemic symptoms, such as fever or
night sweats. Lymphadenopathy is usually more
pronounced in infancy, often regresses during
adolescence and in some patients spontaneous
resolution has been seen, even in the absence
of treatment ***°", It has been hypothesized that
either the predominant influx of naive T and B
cells in early childhood favors lymphocyte ac-
cumulation in comparison to adults and/or
that alternative apoptotic pathways are used by
human lymphocytes later in life '?. In the rare
cases of homozygous Fas mutations, prenatal
severe lymphoproliferation was observed, indi-
cating that the process started in the prenatal
period ***%.

Isolated splenomegaly is uncommon, but may
dominate the lymphoproliferation in ALPS at
some time during the course of the disease. Also,
splenomegaly may develop without lymphaden-
opathy. Splenomegaly may cause blood cytope-
nias caused by hypersplenism. Hepatomegaly
is not usually associated with liver function ab-
normalities unless associated with autoimmune
hepatitis ***". In severe cases, pulmonary infil-
trate can be related to lymphoproliferation **.

Autoimmune manifestations are the second
most frequent event in ALPS patients. The most
common autoimmune manifestations involve he-
matological lineages leading to anemia, throm-
bocytopenia, and neutropenia, and are associ-
ated with relevant autoantibodies *****. A de-
lay may occur between the lymphoproliferative
phase of ALPS and the development of autoim-
munity. Autoimmunity is more likely to occur as
patients get older and it is often characterized by
exacerbations and remissions ?". Autoimmune
hemolytic anemia (AIHA) is associated with IgG
autoantibodies to red blood cells and is frequent-
ly severe. Likewise, idiopathic thrombocytopen-
ic purpura (ITP) is often severe, with platelet
counts frequently falling below 20x10°/L. AIHA
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and ITP may occur concomitantly or as separate
events, as in Evans syndrome. Immune neutro-
penia is another frequent finding in ALPS "*?",
Neutropenia also results from hypersplenism,
but it is rarely severe enough to cause infectious
complications *?. Anticardiolipin antibodies are
also frequently seen, but thromboembolic events
are rare in patients with ALPS, and have been
described in only one ALPS patient '”. Infrequent
autoimmune manifestations include hepatitis,
uveitis, Guillain-Barré syndrome, anti-factor
VIII antibodies, and glomerulonephritis %%,
In ALPS, the potential exists for multiple autoim-
mune diseases involving different organ systems
to occur in a single patient "%,

Demonstration of an in vitro defect in Fas-
mediated lymphocyte apoptosis is an absolute
requirement for the diagnosis of ALPS. The assay
used requires mitogen activation of peripheral
blood mononuclear cells followed by additional
culturing in IL-2 for a week to sensitize the cells
to Fas killing. At the end of this culture period,
the Fas receptor is cross-linked using an anti-
Fas monoclonal antibody for 12 hours and the
degree of cell death measured °. The majority of
normal cells are killed, whereas the minority of

cells from patients with ALPS undergo apoptosis
(10]

The immunophenotypic finding required for
the diagnosis of ALPS is increased levels of cir-
culating a/B" DNT cells *>*°. The DNTs express
the B220, CD57 and human leukocyte antigen
(HLA)-DR markers 7. Those cells are hypoprolif-
erative and have a decreased capacity to secrete
cytokines in response to in vitro stimulation, but
there is evidence that they secrete large amounts
of IL-10 in vivo *". Other abnormalities present
in T cells include high expression of HLA-DR,
CD57, CD45RA, CD27, CD28, and perforin; low
expression of CD25; and no expression of CD45
RO and CD56 *°. CD45RA, CD57, perforin, and
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HLA-DR expression suggests a cytotoxic T cell
phenotype that has lost CD8 expression. CD57
has been associated with aging and senescent
T cells, and the high levels of CDS57 expression
(>75%) on DNTs support the theory that these
cells are post-terminally differentiated cytotoxic
T cells ®. The low expression of CD25 appears
to be caused by a selective reduction of the
CD4'CD25" population and correlates with the
severity of clinical features in ALPS ®%. In ad-
dition, increased numbers of CD8 cells and B
cells expressing CDS5, like in other autoimmune
diseases, are common findings ©°.

Several cytokine abnormalities have been
found in patients with ALPS, the most strik-
ing of which is a significantly elevated IL-10.
Overexpression of IL-10 may be involved in the
proliferation of autoimmune B cells and may
cause the persistence and activation of malig-
nant and autoimmune cell clones. Other cy-
tokine abnormalities support a Th-2 cell skewing
and include increased IL-4, IL-5 and decreased
INF-y, IL-12 production by mononuclear cells in
Vitro [21,34,39].

The increased levels of IgG, IgA, and IgM (of-
ten normal or decreased), increased level of sol-
uble FasL, decreased level of soluble Fas, and
decreased in vitro lymphocyte function are other

reported abnormalities in patients with ALPS
[5,9,21,23]

Certain histopathologic features help to dis-
tinguish ALPS from other lymphoproliferative
diseases. Lymph node biopsies of patients with
ALPS reveal retention of lymph node architec-
tural features with marked paracortical T-zone
expansion ranging from small cells to lymphob-
lasts. The majority of these cells are DNTs with
an identical phenotype to the circulating a/B"
DNTs, showing very little apoptosis. Marked fol-
licular hyperplasia and plasmacytosis are other
changes in the reactive germinal centers. A histi-
ocyte infiltration characteristic of Rosai-Dorfman
disease has also been found in some patients
with ALPS ***). The spleens are enlarged, with
both the white and red pulps expanded and infil-
trated by DNTs, which are phenotypically identi-
cal to those seen in the lymph node paracortical
regions*”. In some patients, liver biopsies also
reveal infiltration by DNTs, extramedullary he-
matopoiesis, and signs of hepatitis. Bone mar-
row smears have shown increased erythroid hy-
perplasia during episodes of active hemolysis,
an increase in megakaryocytes in response to
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thrombocytopenia, and the presence of varying
numbers of DNTs, plasma cells, and eosinophils
(4041 The liver and bone marrow biopsies are not
diagnostic in ALPS.

Patients with ALPS have a significantly higher
risk of developing lymphoma than the general
population (14 times greater for non-Hodgkin’s
lymphoma and 51 times greater for Hodgkin’s
lymphoma)****. The risk appears to be life-long
and a patient with ALPS may develop two dif-
ferent lymphomas. The response to therapy in
ALPS-associated lymphoma is no different than
in non-ALPS patients*”. The patients with germ-
line mutation of the intracellular domain of Fas
have the highest risk of developing lymphoma
(4345 Among the cohort of 200 patients seen
at NIH, 11 have developed lymphomas, with a
median age of 17 years (range 2-50 years)*’.
Leukemia, thyroid cancer, hepatocellular carci-
noma, breast cancer, colon cancer, lung cancer,
basal cell carcinoma of the skin and squamous
cell carcinoma of the tongue, and glioma-like tu-
mor are other malignancies which have devel-
oped in patients with ALPS ?"*%7*,

Genetics and genotype/phenotype
relationships

The majority of ALPS cases are associated with
heterozygous mutations in the TNFRSF6 gene
encoding Fas (located on chromosome 10q24.1)
(12324 "Over 70 different Fas gene mutations have
now been described in ALPS patients, two-thirds
of them in the intracellular domain (ICD) and
one-third in the extracellular domains (ECD).
The vast majority of these are insertions, substi-
tutions or deletions of one or two base pairs in
exons or splice sites of the gene **, There is a
complex relationship between genotype, pheno-
type, and disease penetrance. Detailed analysis
of extended pedigrees of patients with ALPS has
revealed an autosomal dominant inheritance
pattern with incomplete penetrance in the ma-
jority of cases and recessive inheritance pattern
in occasional cases *>**?*%*% In large kindreds
studied by NIH and French groups, family mem-
bers with the same mutation showed very differ-
ent clinical phenotypes *****. This data provides
clear evidence that other factors, genetic and/or
environmental, influence the clinical phenotype,
and a “second signal” is required for the full de-
velopment of clinical ALPS P****/ Recently, it
has been demonstrated that polymorphisms in
the osteopontin gene might increase susceptibil-
ity for the development of an ALPS-like disease
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(51 Also, in a case with ALPS and lymphoma, in-
herited perforin mutation was detected *?. After
this index case was reported, the same authors
studied the variations of the perforin gene in pa-
tients with defective Fas function and their data
has suggested that perforin variations are a sus-
ceptibility factor for ALPS development and may
influence disease expression 7.

In ALPS, clinical penetration is highest with
ICD mutations, with missense mutations caus-
ing symptoms in 90%, and truncation muta-
tions causing symptoms in 70%; ECD mutations
have demonstrated a clinical penetration of 30%
(23:30.42.54 " Although the clinical penetration is var-
ied, there is 100% penetration in functional as-
says with all carriers of Fas mutations having de-
fective Fas-induced T cell apoptosis. The degree
of apoptosis, hypergammaglobulinemia, and the
number of a/B" DNT cells in peripheral blood are
again varied, even for the same mutation in dif-
ferent individuals ***?. Four patients have been
described with homozygous Fas mutations who
demonstrated a more severe phenotype, with
antenatal onset of lymphoproliferation, hydrops
fetalis, lymphocytic pulmonary infiltrates, and
severe blood cytopenias from birth '%?%2%5,

In a minority of ALPS cases, the TNFRSF6 gene
is normal, and among these, one patient who had
a clinical presentation resembling systemic lu-
pus erythematosus was found with mutation in
the FasL . In addition, two patients with ALPS
had mutations in the gene encoding caspase 10
57 These two patients developed lymphoprolifer-
ation and autoimmune cytopenias from the first
year of life. In addition to having Fas-mediated
apoptosis, these patients demonstrated inhibi-
tion of death signalling via TNFR1, DR3, Trail-R1
and Trail-R2 *?. In a recent study, genetic vari-
ations in caspase 10 in ALPS patients were in-
vestigated and it was demonstrated that genetic
alterations in caspase 10 may produce contrast-
ing phenotypic effects, which may be causative
or protective in ALPS *®. Recently, inherited ge-
netic deficiency of caspase 8 has been reported
in a single kindred, and unlike other people with
ALPS, two siblings with caspase 8 mutation suf-
fered from recurrent Herpes simplex virus and
bacterial sinopulmonary infections, had poor
responses to immunization, and had defective
activation of T, B, and natural killer cells .
These findings led the authors in the NIH Group
to propose a classification scheme based on the
several different molecular abnormalities 7.
Patients with mutations in the Fas (TNFRSF6)
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gene are classified as type Ia, FasL (TNFF6) as
type Ib, caspase 8 or 10 as type II and patients
without known mutation are classified as type
III (Table 3) "%, Since most ALPS type Ia patients
display heterozygous mutations of Fas, some
authors have suggested classifying patients with
homozygous null mutations (complete Fas defi-
ciency) as ALPS type O ®**! Several unrelated
patients with an ALPS-like clinical pattern but
lacking expansion of a/B" DNTs and Fas/FasL
mutations have been identified, and this disease
has been named Dianzani’s autoimmune lym-
phoproliferative disease '’

Recently, it has been reported that a number
of patients with Evans syndrome may have
ALPS, since in one study, 7/12 (58%) patients
with Evans syndrome had elevated DNTs, sug-
gestive of ALPS, with genetic confirmation in 6/7
1 Also, determination of defective FasL-medi-
ated apoptosis related to a mutation of the hu-
man FasL gene in an adult patient with systemic
lupus erythematosus and lymphoproliferative
disease ' demonstrates that differential diag-
nosis of ALPS and other autoimmune diseases
may be difficult and that genetic studies may be
required for final diagnosis.

Differential diagnosis

Presentation of children with generalized lym-
phadenopathy, splenomegaly, and autoimmune
multilineage cytopenias represents a diagnostic
challenge because their clinical and laboratory
features overlap with and may manifest as those
of other childhood diseases, including systemic
infections, collagen vasculardiseases, lymphoma,
Evans syndrome, and Rosai-Dorfman disease.
Other immunological disorders that must be dif-
ferentiated from ALPS include common variable
immunodeficiency, Wiskott-Aldrich syndrome,
IL-2 receptor a-chain deficiency, angioimmuno-
blastic lymphadenopathy with dysproteinemia,
and the X-linked immunodysregulation-polyen-
docrinopathy-enteropathy syndrome **%,

Treatment

Treatment modalities for ALPS are direct-
ed at the chronic and persistent lymphopro-
liferation, autoimmunity, and malignancies.
Lymphoproliferation does respond to corticoster-
oids and other immunosuppressants like azathi-
oprine, cyclosporine or mycophenolate mofetil,
but symptoms recur upon dose reduction, and
long-term side effects outweigh benefits unless
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lymphoproliferation is causing critical obstruc-
tive disease ®>**°. Though the use of Fansidar
was reported in a small series of patients with
ALPS and ALPS-like conditions to be associat-
ed with reductions in lymphoproliferation °**¥,
the NIH ALPS Group has failed to show regres-
sion of lymphadenopathy or splenomegaly with
Fansidar therapy “°. One of our ALPS patients
reported previously in the literature ** also failed
to show a positive clinical response to Fansidar
therapy. In patients with splenomegaly, the pref-
erence is to avoid splenectomy. To reduce risk
of splenic rupture, aggressive contact sports are
strongly discouraged and a fiberglass abdominal
guard is recommended ">***? Approximately
half of the 200 ALPS patients being followed in
the NIH clinic have undergone splenectomy in
order to manage recurring and chronic cytope-
nias, nearly 75% of whom achieved long-term
remission. Five asplenic ALPS patients had fa-
tal opportunistic infections and many others
presented with pneumococcal sepsis following
splenectomy *®. Thus, splenectomy should be
avoided unless it is the only remaining measure
to control chronic, refractory, life-threatening
cytopenias. Based upon the NIH ALPS Group’s
experience, all asplenic ALPS patients must be
maintained on long-tem antibiotic prophylaxis
against pneumococcal sepsis using penicillin V
or fluoroquinolones. Their recommendations also
include periodic surveillance of antipneumococ-
cal titers and reimmunization against pneumo-
cocci using a combination of both 7-valent con-
jugate (Prevenar) and 23-valent polysaccharide
(Pneumovax) vaccines 9.

The treatment of all autoimmune manifesta-
tions is the same as in patients without ALPS.
Autoimmune cytopathies respond well to cor-
ticosteroids. High-dose pulse therapy with IV
methylprednisolone (5-30 mg/kg/d) followed
by low-dose oral prednisone (1-2 mg/kg) main-
tenance that can often be successfully tapered
over several months is the most recommended
treatment regimen °"***** In some cases, it is
possible to taper and discontinue glucocorticoid
therapy over a period of 10 to 14 days. In others,
tapering leads to prompt relapses and the need
for extended steroid therapy at the lowest possi-
ble daily or alternate day dosing. For all patients
on prolonged (> 3 months) glucocorticoid thera-
py, the authors provide calcium and vitamin D
supplementation and in adults, bisphosphonate
drugs, for prevention of therapy-induced oste-
oporosis "%, Packed red blood cell transfusion
support may be needed in cases with severe red
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cell destruction “?. When blood transfusion is

required, it has been recommended that blood
should be ABO- and D-compatible, negative to
any antigen to which the patient has autoan-
tibodies and matched for C, E, and K antigens
2 Immune thrombocytopenia is less sensitive
to intravenous immunoglobulin (IVIG) therapy
than conventional ITP (10). IVIG (1-2 g/kg) given
concomitantly with pulse dose methylprednisolo-
ne may benefit some patients with severe ATHA
and ITP "9, Some ALPS patients with chronic
neutropenia and recurrent infections benefit
from thrice weekly, low dose (1-2 ug/kg/d) re-

combinant granulocyte colony stimulating factor
[42,46]

Several of the patients with ALPS and im-
mune cytopenias have required the addition of
cytotoxic agents such as azathioprine, cyclo-
phosphamide or cyclosporine *". A young man
who showed minimal response to steroids and
cyclosporine was successfully treated with re-
combinant a-interferon therapy '®. In addition
to a case report of successful use of Rituximab
and Vincristine in a single patient with ALPS °,
the NIH ALPS Group gave Rituximab (375 mg/
m’/wk x 4) for refractory, chronic cytopenias
to five ALPS patients, and two of them showed
durable responses *?. Recently, the successful
use of mycophenolate mofetil (MMF; 600 mg/
m’/dose twice daily) for chronic, refractory im-
mune cytopenias in 13 children with ALPS has
been described . Twelve responded to MMF for
a median follow-up of 49 weeks (range 38-240
weeks). In some patients, MMF allowed splenec-
tomy to be avoided or at least postponed in very
young children until an age when they could bet-
ter tolerate asplenia. Stem cell transplantation
was successful in two children (one of whom was
homozygous) with very severe and refractory cy-
topenias **%.

Prognosis

Despite the often impressive lymphadenopa-
thy and splenomegaly, the prognosis with regard
to lymphoproliferation is typically good. Most
patients demonstrate regression of lymphopro-
liferation even in the absence of treatment. The
chronic cytopenias seen in many ALPS patients
may improve with age and continue to respond
to conventional immunosuppressive treatment.
Whether autoimmune manifestations can un-

dergo permanent remission remains to be seen
[10,21,23,46]
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The major determinants of morbidity and mor-
tality in ALPS are the severity of the autoimmune
disease, hypersplenism, asplenia-related sepsis,
and development of lymphoma . Careful long-
term surveillance in patients with mutations ab-
rogating function of the ICD of the Fas protein is
especially required, through monitoring of their
lymphadenopathy, since these patients are at
high risk of developing lymphomas. Noninvasive
tests to differentiate benign from malignant lym-
phadenopathies are needed to help physicians
discern whether a biopsy is warranted and of
which node. Positron emission tomography us-
ing fluorodeoxyglucose (FDG) does not imply
presence of lymphoma, since FDG avidity of be-
nign lymph nodes can be high in ALPS, but it can
help in deciding which of many enlarged nodes
in ALPS patients to biopsy when lymphoma is
suspected "
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